Abstract -The objective of the paper is to discuss the potential of cellulosic ethanol production processes and compare them, to find the most appropriate production method for Latvia`s situation, to perform theoretical calculations and to determine the potential ethanol price. In addition, price forecasts for future cellulosic and grain ethanol are compared. A feasibility estimate to determine the price of cellulosic ethanol in Latvia, if production were started in 2010, was made. The grain and cellulosic ethanol price comparison (future forecast) was made through to the year 2018.
I. INTRODUCTION
In the long term, ethanol is one of the most promising biofuels because it can be produced from a large variety of materials, if only they contain simple or complex sugars. For the industrial production of ethanol, mostly sugarcane or starchy feedstock (like corn, potatoes etc.) are used. However, a more promising feedstock -the lignocellulosic biomass can be used. Bioethanol which is produced from cellulosic biomass is called cellulosic ethanol [1] .
Ethanol is extensively used in three ways -in medicine (both in drugs, and as a disinfectant), in spirituous liquids, and as biofuel (as pure biofuel or blended in low proportions with fossil fuel gasoline) in motor vehicle internal combustion engines.
II. ETHANOL CONVERSION METHODS
There are two primary routes for the production of cellulosic ethanol -biochemical and thermochemical routes: A. The biochemical conversion process consists of the hydrolysis of pre-treated lignocellulosic feedstock, which relies on the use of enzymes and other microorganisms, or chemicals to destroy structure of the cellulosic chain and to obtain simple sugars, such as glucose. After hydrolysis, sugar fermentation and distillation processes follow. B. In the thermochemical conversion process route, lignocellulosic feedstock is gasified and synthesis gas (syngas), such as carbon monoxide (CO) and hydrogen (H 2 ) is obtained. These gases can further be converted to ethanol through both fermentation and catalytic processes.
A. Biochemical conversion process
The conversion of lignocellulose to ethanol consists of five main technological processes [2, 3, 4] : 1) Biomass pre-treatment -it is the destruction of lignocellulosic structure and simultaneous lignin separation. Pre-treatment can occur in a physical, biological, chemical or physicochemical way. 2) Hydrolysis -to break down the cellulosic chain into simple sugars, in the presence of enzymes or chemical substances. 3) Fermentation -the process to convert sugars to ethanol, most frequently with the aid of bacteria or yeast strains; 4) Distillation and purification -ethanol separation and purification in order to meet the fuel specifications (properties); 5) Wastewater treatment and co-product utilization.
Biochemical conversation is shown in Figure 1 . 
B. Thermochemical conversation process.
This process can be carried out in two ways [5, 6]: 1) Through a complex thermochemical and biological system. Gasification, where carbon based molecules are broken apart to access the carbon and carbon monoxide, carbon dioxide and hydrogen are produced. This follows by fermentation where the carbon oxides and hydrogen are converted into ethanol using organisms that consume carbon oxides and produce ethanol and byproducts. 2) Thermochemical process -where, like in point one, biomass is gasified to obtain carbon oxides, followed by catalysis, where gases are converted into ethanol and other higher alcohols with the aid of a catalyst. The process ends with alcohol distillation and purification.
III. LIGNOCELLULOSIC FEEDSTOCK
Currently, the production of ethanol is based on the use of raw materials containing starch or sugar -respectively, different types of grains (mostly wheat and rice), corn, potatoes and sugarcane or sugar beet. However, this kind of materials can be used in food production, which means that the increasing demand for ethanol may cause an increase in raw material prices, resulting in a simultaneous ethanol and food price jump [7] .
For these reasons scientists have carried out a series of studies and come to discover the broken wood pulp structure, and how to extract the wood sugars, which can be fermented exactly the same way as starch or any simple sugars. The fermented ethanol, because of its properties, is identical to the one obtained from starch or sugar [7, 8, 9] .
Raw materials can be divided into two broad categories: 1. Raw materials that are specifically grown for the needs of bioethanol production, or energy crops. This category may include fast-growing crops like willows and energetic grasses (fast-growing grasses with high yields per hectare, for example, Sweet Clover, Timothy, Lucerne, etc.) [8] .
2. Wastes or industrial by-products from a variety of industrial or farm activities. There might be other materials such as forestry products (branches, stumps, etc.), agricultural wastes (straw, green mass of different cultures -e.g., potato and beet tops) and the biodegradable portion of municipal waste (paper, food waste, etc.) [8, 9] .
Materials with a higher cellulose and hemicellulose content, and lower lignin content have higher ethanol extraction potential. This is explained by the fact that lignin is a lignocellulosic fibrous part which cannot be turned into ethanol. Raw materials must be chosen by evaluating criteria such as [10] :
• a high level of theoretical ethanol yield from raw materials; • raw materials or by-products used in other manufacturing sectors -with a higher added value; • a large amount of available raw materials;
• non-food use;
• biological depleting potential (how easy it is to break down the lignocellulosic fibers).
IV. LIFE CYCLE ANALYSIS
The product (in this case -cellulosic ethanol) life cycle consists of several stages, starting with the production of raw materials and ending with the management of waste. The lifecycle analysis is an environmental impact analysis of a product throughout its life cycle. Life cycle analysis is described in the whole industrial system, which engages in production, use of the product and waste management.
Cellulosic ethanol environmental impacts of all life-cycle may vary widely, depending on what materials are used in the production, plant geographical location, by-products, resulting in the production process and its utilization possibilities, the chosen production technologies, and, finally, how the obtained biofuel is used (as a fuel to generate energy or as a fuel for car engines) [11] .
However, the cellulosic ethanol life cycle consists of five main stages, from biomass production /extraction and transport, followed by bioethanol production, biofuel distribution (delivery to the consumer), and the chain of the life cycle ends with ethanol consumption or use [11] .
Despite the many life cycle stages, bioethanol, compared with fossil fuels, has about 20-55% lower life cycle greenhouse gas emissions and it is a locally sourced fuel, which is an important factor for national economic development and energy independence. Furthermore, the use of bioethanol can contribute to the diversification of the agricultural sector, improve rural economic development, encourage the development of underdeveloped areas, as well as promote environmentally friendly transport, hence improving the air quality in large cities and in other sensitive areas [12] .
V. ECONOMICAL ANALYSIS

A. Plant modeling
Drawing from studies and estimates conducted in the pilot station and the first commercial cellulosic ethanol production facilities, cellulosic ethanol production plant economic life provides an average 15 years, but the plant technical lifetime can actually reach up to 20-25 years [13] .
The operating expenses of ethanol plants include such cost items as the cost of the biomass and raw materials, their treatment costs, the cost of hydrolysis, fermentation and ethanol purification process, the cost of various energy resources and water, the additional costs involved in ethanol storage, plant maintenance, insurance, taxes, personnel recruitment, loan interest payments, and the other additional costs. Relevant cost items per liter of ethanol are summarized in Table 1 [13] .
The cellulosic ethanol price as it could be in Latvia, if ethanol production would commence in the year 2010 is shown in Table 1. _________________________________________________________________________________ Volume 4 The cost category of electricity is negative, because it is produced in the ethanol station by using combustion by-products (such as lignin, etc.) and excess energy is fed to the network, thereby gaining revenue. c Annualized capital charge consists of 20 % of the total capital investment, and assuming a 10 % after-tax rate of return on capital.
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Further, a cellulose ethanol and grain ethanol price comparison and future forecasts, using the previously obtained results and the forecasts for cellulosic ethanol price of the Netherlands Ministry of Economic Affairs and the grain ethanol price forecasts of the Organisation for Economic Cooperation and Development (OECD) was conducted [15] .
The Netherlands Ministry of Economic Affairs expects that the cellulosic ethanol price in Europe will drop in the 33% -40% range during the years 2010. -2020. Therefore from this forecast three possible scenarios for a decrease in prices will be considered -33%, 40% and 60% from the previously calculated price in the next ten years [14] .
Combining the cellulosic ethanol price drop scenarios and the OECD forecasts for grain ethanol prices a graph, shown in Figure 2 , was generated. As shown in Figure 2 , at Scenario A the cellulosic ethanol price around the year 2018 may already have achieved the expected price of grain ethanol. Thus, after Scenario A grain and cellulosic ethanol prices in 2018 could be at the same level. According to Scenario B, around the year 2013 the price of cellulosic ethanol could reach the price level of grain ethanol and in 2018 it could even be lower by approximately 11%. Scenario B is more optimistic than Scenario A, which is probably the most realistic in forecasting the decreasing price trend. But, according to the most optimistic scenarioScenario C, grain and cellulose ethanol prices could reach the same level already in the year 2011, but by the year 2018, the cellulosic ethanol price might be lower than the projected grain ethanol price by about 40%. It may be concluded that Scenario C is too optimistic, because in that case in the next two years, a very rapid development of cellulosic ethanol must begin, and substantial resources in research and development, as well as a change in legislation and in the provided support rates for biofuel to promote cellulosic ethanol production should take place. Reality indicates that all these factors are time-intensive and therefore this scenario is only theoretical possible. However in general, Figure 2 shows that future projections are promising, and the cellulosic ethanol price may quite soon be competitive with grain ethanol prices, thereby creating a positive push to the development of bioenergy and the reduction of fossil fuel consumption and the associated greenhouse gas emissions.
B. Measures to achieve price reduction
In the calculations performed previously, the cellulosic ethanol price was established at Ls 0,91 (Table 1) . While price changes were anticipated, the price of grain ethanol for the year 2010 was set at Ls 0,59. Consequently, the price difference draws up to about 35%. This means that the cellulosic ethanol price needs to decrease by 35% (Ls 0,32), for its production to become economically competitive, compared to grain ethanol. The grain and cellulosic ethanol price comparison in Latvia in 2010 is shown in Figure 3 . To achieve a reduction in the cellulosic ethanol price, it is necessary to implement complex price reduction efforts, which would include the following:
1. Capital investment reduction, by involving the cofinancing of European Union's financial instruments, by developing a standardized factory model concept and the mass production of equipment, which would reduce investments in buildings, infrastructure and facilities. 2. Development of enzyme production technologies, because now enzymes are relatively expensive materials, but with the trend of price reduction. 3. It should be considered what type of biomass will be used in production technology, because raw materials can be grown specifically for ethanol production -the energy crops or waste products can be used. 4. Lignocellulosic ethanol industrial by-products would need to be used for energy recovery in order to maximize revenue from by-products and thereby reduce the ethanol price. 5. It is necessary to develop a variety of production technologies in order to diversify the production methods and hence both the equipment and material suppliers, to avoid dependence on any particular country or supplier.
VI. CONCLUSIONS
It is clear, that in the near future one needs to find a substitute or alternative-renewable fuel for fossil energy, which would be possible to produce in large quantities. Bioethanol is already one of the most common types of biofuels. However, currently it is made from materials that can be used for food production (cereals, potatoes, sugar beet, etc.), so it has initiated extensive studies to obtain ethanol from cellulose-containing materials. The biggest driver for the cellulosic ethanol development is the opportunity to use it as fuel for car engines.
The world's most serious research in the field of cellulosic ethanol production has only recently begun and in Latvia research in this area is quite negligible. Currently, the greatest barriers for the production of cellulosic ethanol on a large scale are significant financial contributions to both the production unit and also the production process. Wherewith, ethanol production, compared to the grain ethanol production, currently is more expensive, and substantial capital investment for construction of a new ethanol plant is needed. In the Latvian situation, political interests which are not prone to the production of alternative resources come up in addition to financial issues.
Regarding the provision of cellulosic ethanol feedstock, the Latvian renewable energy policy currently tends towards supplies from energy crop growing by utilizing financial aid provided by EU funds. But the renewable energy policies in other developed countries are more focused on the simultaneous processes of waste or by-product utilization and energy production, thereby obtaining the maximum positive benefit to the environment, economy and society.
Summarizing the proposed price forecasts, it can be concluded that by initiating cellulosic ethanol production in Latvia already in the year 2010, a relatively profound decline in cellulosic ethanol prices in the next 3-5 years could be expected. Already around the year 2018, cellulosic ethanol production may become economically viable compared to grain ethanol production since the cellulosic ethanol price will reach the levels of the grain ethanol prices or may be even lower.
The projected fall in prices can be achieved with such measures as essential reduction of the capital investment part; rapid reduction of raw material costs or the complex price reduction of those two components. One of the instruments to reduce prices includes the financial aid provided by European Union funds for production development, and the other is the use of waste as a feedstock.
